An antagonistic bacterium against Phytophthora capsici, the pathogen of damping-off of cucumber, was isolated from the rhizosphere of scarlet sage (Salvia splendens F. Sellow ex Roem. et Schult.) in Fukui Prefecture. The red-pigmented strain F-1-1 was identified as Serratia marcescens based on its bacteriological properties.
INTRODUCTION
Damping-off of cucumber seedlings caused by Phytophthora capsici is widespread and very destructive in Japan. Control of this disease has been done by using chemicals. However, these treatments are not always effective. In addition, breeding of plants resistant to the pathogen has not been successful. Therefore, biological control is a suitable strategy for the control of dampingoff. Biological control with rhizobacteria has recently been reported for more than ten genera of bacteria in relation to various soil-borne plant pathogens of crops. However, there have been no reports on antagonistic rhizobacteria for biocontrol of damping-off of cucumber seedlings.
On the other hand, molecular techniques have been used to analyze the relationship between specific toxic metabolites and disease suppression in some plant diseases7, 15 
RESULTS
Isolation of bacteria Over 1000 bacterial strains were collected from the rhizosphere and rhizoplane of various plants and from a mushroom, and were screened for the ability to inhibit the germination of cystospores of P. capsici P-9-2 and to protect cucumber seedlings from damping-off. Among them, several potential strains for biocontrol were detected. Especially one red-pigmented strain designated as F-1-1 which was isolated from the rhizosphere of scarlet sage (Salvia splendens) in Fukui Prefecture was selected for this study. Thereafter, seventeen red-pigmented bacterial strains designated as Ti-T17 were isolated from only the rhizosphere and rhizoplane of Japanese holly (Ilex crenata) in Fukui Prefecture but not from any other samples including 21 species of plants. These strains were used for comparative tests of F-1-1 strain.
Bacteriological properties Strain F-1-1 consisted of Gram-negative rods was motile with peritrichous flagella (Plate I-1) and formed red-pigmented colonies (Plate I-5). It showed a positive reaction in the following tests; Voges-Proskauer test, gelatin hydrolysis, DNase activity, catalase activity, H2S production, utilization of citrate and acetate, lysine and ornithine decarboxylase; but negative for oxidase activity, MR test, indole production, and utilization of arginate and malonate. These properties were almost the same as those of JCM1239 of S. marcescens used as a control strain except for the MR test.
These data strongly suggested that F-1-1 strain belongs to S. marcescens. Furthermore, to confirm this assumption, the bacterial properties of F-1-1 strain were investigated by using an API 20E identification kit. As shown in Table 5 , the profile index, which is expressed based on 27 biochemical properties, was 530776157 and it coincided with those of S. marcescens. From these results, F-1-1 strain was identified as S. marcescens. Other red-pigmented strains, T1-T17, showed similar results in main bacteriological properties using the API 20E kit (data not shown). These strains, therefore, also were identified as S. marcescens.
Fungal inhibition assay S. marcescens F-1-1 and other Serratia spp. strains were assayed for in vitro inhibition of the germination Table 3 . Effect of inoculation of Serratia marcescens strains on germination of cystospores and zoosporangia of Phytophthora capsici P-9-2 a) Bacterial suspension was used at a dilution of 1/4 (see Table 2 ). a wild type, a rifampicin-resistant strain and two Redmutants (W15 and W18) of strain F-1-1, respectively, and assayed for dot blot hybridization.
As a result, typical colorimetric detection of the biotinylated probe was confirmed in chromosomal DNAs from two Red-mutants and pBPW1:: Tn7 DNA of a positive control (Table 5) , whereas both DNAs from strains F-1-1 (wild type) and F-1-1rif did not hybridize to Tn7 DNA probe. Thus, Tn7 insertion into the genome of strain F-1-1 was confirmed.
Antagonistic assay of transposon mutants In vitro antagonistic assay of transposon mutants was investigated. None of the three Tn7 mutants inhibited the germination of cystospores of P. capsici P-9-2. Although a slight inhibition activity was observed in W18 and W21 strains, it could be clearly distinguished from the strong activity of the F-1-1 wild type (Table 6 ).
In the pot test, also, no signs of suppression against damping-off disease of cucumber seedlings by transposon mutants were observed even 15 days after the inoculation, whereas in the case of the wild type strain, suppression was evident (Plate I-6). Thus, red pigment-deficient mutants completely lost their antagonism against P. capsici P-9-2.
DISCUSSION
In this study, it was shown that S. marcescens F-1-1 displays an antibiotic activity in vitro and in pots tests and could therefore become a potential biocontrol agent for damping-off of cucumber seedlings. The finding of the S. marcescens acted as a biocontrol agent against this pathogen, P. capsici, was reported for the first time, although the bacterium had been known to be antagonistic against other pathogens such as Sclerotium rolfsii8,9), Botrytis fabae18), B. cinerea1,5), Fusarium oxysporum f. sp. cyclaminis6), and so on.
All the red-pigmented strains of S. marcescens isolated from the rhizosphere of two plants and supplied from stock cultures of the institutes displayed an antifungal activity against P. capsici P-9-2, whereas none of the strains with non-pigmented (white) colonies of Serratia spp. showed any antifungal activity against this pathogen. Therefore, we assumed that the red pigments produced by this bacterium might be antibiotic substances. Then, we attempted to induce transposon-insertion mutants with a red pigment-producing ability. The vector (carrier) for the introduction of the transposon was selected among many vectors. The plasmid pBPW1:: Tn7 which had been used as a suicidal vector of Tn7 in some bacteria was employed in this experiment12). Tn7 had been introduced into plant pathogenic bacteria such as Agrobacterium4), Pseudomonas syringae11,12), Ralstonia solanacearum3) and so on. In the present study, four transposon mutants lacking a red pigment-producing ability were obtained. These mutants, which were unable to produce red pigments, did no longer hold an inhibitory effect on P. capsici P-9-2 in vitro and in pot tests. These results strongly suggest that the red pigments produced by the strain are antibiotics and play an important role in biological control.
As biocontrol mechanisms of S. marcescens in other plant diseases, the inhibition of growth of the pathogen by a chitinase produced from this bacterium has been reported1, 5, 14, 18) . The biocontrol mechanism of S. marcescens F-1-1 is not based on the chitinase activity, since in all the four Tn7 mutants which had lost their antagonistic activity the chitinase activity was still present (data not shown). It is, therefore, suggested that the red pigments display an antibiotic activity and play an important role in the biocontrol of damping-off of cucumber seedlings.
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